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(54) [Title of the invention] 

Method for making highly cyanoethylated pullulan 

(57) [Abstract] 

[Constitution] Method for making highly cyano- 
ethylated pullulan of 95-100% cyanoethyl substitution, 
difficult to achieve by prior methods, by 
cyanoethylating cyanoethylated pullulan of 50-90% 
cyanoethyl substitution in a non-aqueous solvent in the 
presence of a basic catalyst . 

[Benefits] Highly cyanoethylated pullulan has a 
high dielectric constant and when used as a binder for 
EL elements gives EL elements which have high intensity 
and a long lifetime. 



[Claims] ^ 

[Claim 1] Method for making highly cyanoethylated 
pullulan of 95-100% cyanoethyl substitution, wherein the 
remaining hydroxyl groups of cyanoethylated pullulan of 
50-90% cyanoethyl substitution are cyanoethylated in a 
non-aqueous solvent in the presence of a basic catalyst. 

[Claim 2] Method for making highly cyanoethylated 
pullulan as claimed in claim 1 in which the non-aqueous 
solvent is acrylonit rile and the basic catalyst is 1,8- 
diazabicyclo [5.4.0] -7-undecene . 
[Detailed explanation of the invention] 

[0001] 

[Field of industrial application] The present 

invention relates to a method for making highly cyano- 
ethylated pullulan of 95-100% cyanoethyl substitution, 

[0002] 

[Prior art] Dispersion type electroluminescence 
(EL) elements commonly have a structure in which there 
is a backing electrode of aluminum foil, etc., with a 
reflecting insulating layer of a highly dielectric 
inorganic powder such as titanium oxide or barium 
titanate, etc., dispersed in a highly dielectric organic 
binder formed on this backing electrode; a further 
light-emitting layer of a fluorescent powder such as 
zinc sulfide, etc., dispersed in a highly dielectric 
organic binder is formed on top of this insulating 
layer, and a transparent electrode of ITO (a mixture of 
indium oxide and tin oxide), etc., is finally placed as 
an opposing electrode, so that the fluorescent substance 
emits light when an alternating current (AC) is applied 
between the two electrodes. 

[0003] There are also EL elements in use which 
only ha^ve a light-emitting layer sandwiched between the 
backing electrode and the dielectric electrode. 

[0004] The binder employed in the fluorescent 
layer and insulating layer of such EL elements needs to 
have a high dielectric constant. Cyanoethylated 
dielectric polymers such as cyanoethylated cellulose, 
cyanoethylated pobaru , cyanoethylated hydroxy ethyl- 
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cellulose, cyanoethylated pullulan and cyanoethylated 
starch, etc., have been used as prior binders for EL 
elements. Of these, cyanoethylated pullulan is 
particularly preferably used because it is highly heat 
resistant. These cyanoethylated polymers are commonly 
made by reacting the. hydroxyl groups with acrylonit rile 
in the presence of an alkali, as described in US Patents 
3,161,539 and 3,637,656, etc.; a method of reacting 
pullulan with acrylonitrile with an alkaline catalyst in 
the presence of water has also been disclosed as a 
method for cyanoethylating pullulan, in Japanese 
Unexamined Patent 56-8601. 

[0005] However, the cyanoethylated pullulans given 
as concrete examples in the disclosure of these methods 
do not have a very high dielectric constant because the 
maximum degree of cyanoethyl substitution is about 90%; 
and they may not be satisfactory as binders for EL 
elements which are required to have a high intensity. 
The presence of residual hydroxyl groups also leads to 
the disadvantages that moisture resistance is poor and 
the lifetime of the EL elements is short. 

[0006] This has led to attempts to increase the 
degree of cyanoethyl substitution, but hydrolysis of the 
cyanoethyl groups (hydrolysis of cyanoethyl groups to 
carboxylic acids or carboxylic acid amides) proceeds as 
a side reaction when cyanoethylat ion is performed using 
an aqueous alkali solution, and it is not possible to 
achieve 100% cyanoethylation . 

[0007] 

[Problem which the invention is intended to solve] 

The present inventors have performed concerted studies 
into making highly cyanoethylated pullulans with few 
residual hydroxy! groups, which have a high dielectric 
constant and when employed as binders in EL elements 
give EL elements with high intensity and a long 
lifetime . 

[0008] 

[Means for resolving the problem] The method of 
the present invention for making highly cyanoethylated 
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oullulan is a method for making hiahly cyanoe thylated 
pullulan of 95-100% cyanoethyl substitution, wherein the 
remaining hydroxyl groups of cyanoethy la ted pullulan of 
50-90% cyanoethyl substitution are cyanoethyla ted in a 
non-aqueous solvent in the presence of a basic catalyst. 

[0009] The feature of the present invention is 
that cyanoethylat ion is performed in a non-aqueous 
solvent in the presence of a basic catalyst: it appears 
that the degree of cyanoethyl substitution can be raised 
in a non-aqueous solvent because it is possible to 
perform the reaction for a long time without the risk of 
hydrolysing the cyanoethyl groups. 

[0010] In the present invention cyanoethylated 
pullulan of 50-90% cyanoethyl substitution is used as 
the starting material. With less than 50% cyanoethyl 
substitution the reaction takes too much time and 
becomes industrially disadvantageous. The higher the 
degree of cyanoethyl substitution of the cyanoethylated 
pullulan starting material the better, but it is 
difficult to obtain cyanoethylated pullulan with 90% or 
more cyanoethyl substitution by the methods proposed in 
the prior art. The cyanoethylated pullulan used can be a 
commercially available product, or it can be made by 
ordinary cyanoethylat ion in an aqueous solvent in the 
presence of an alkali catalyst. The aforementioned 
methods of US Patents 3,161,539 and 3,637,656 and 
Japanese Unexamined Patent 56-8601, for example, can be 
employed . 

[0011] As the non-aqueous solvent, dimethyl- 

formamide, acetone, dichloromethane and acetonitrile , 
etc., can be employed, but acrylonit rile can also double 
as the solvent. As the basic catalyst, the organic bases 
1, 8-diazabicyclo [5 . 4.0] -7-undecene (DBU) , 1, 4-diaza- 
bicyclo [2.2.2] octane (DBO) , 1, 5-diazabicyclo [4.3.0] non- 
5-ene (DBN), potassium carbide, sodium carbide and 
sodium bicarbonate, etc., can be used; however, DBU is 
particularly preferred. An organic base which dissolves 
in the solvent is preferably used so as to facilitate 
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the reaction; however, it is also possible to employ 
inorganic bases. 

[0012] The method of the present invention for 
making cyanoethylated pullulan is performed by 
dispersing or dissolving a pullulan of low 
cyanoethylation above in a non-aqueous solvent and, with 
a basic catalyst present in the medium, adding 
acryloni trile and reacting preferably at 20-80°C for 
1-10 days. The quantity of non-aqueous solvent employed 
is preferably 5-20 parts by weight to 1 part by weight 
of cyanoethylated pullulan. Similarly, 5-20 parts by 
weight of acrylonitrile and 0.01-0.5 equivalents of 
organic base are preferably employed for 1 part of 
cyanoethylated pullulan. After the end of the reaction 
the reaction liquor is neutralized using a suitable 
acid, and then the solvent is concentrated; the 
concentrate is dissolved in acetone, followed by 
repeated recrystallization at least 3 times in a water- 
methanol mixture (water : methanol = 1:1), and then 
vacuum drying of the resulting crystals. 

[0013] By this means it is easily possible to 
obtain extremely highly cyanoethylated pullulan of 
95-100%, and preferably 98-100%, and more preferably 
99-100% cyanoethyl substitution. The degree of 
cyanoethyl substitution can be calculated from the 
nitrogen content determined by the Kjeldahl method. 

[0014] In general the dielectric constant 

increases as the degree of cyanoethylation becomes 
higher, and consequently highly cyanoethylated pullulan 
obtained by the present invention has a high dielectric 
constant of 24-26, making it ideal for use as a binder 
for the fluorescent layer and a binder for the 
insulating layer of an EL element. 

[0015] The present invention is explained in 
concrete terms below by means of practical embodiments; 
however, the present invention is not restricted to 
these practical embodiments. 



[0016] 

[Embodiments ] 

Embodiment: 1 

Low cyanoethylated puilulan (CR-S , Shin-et su 
Chemical; 85% cyanoethy 1 substitution) 1 parr by weight 
was dissolved in acryionitrile 7.5 parts by weight, and 
DBU 0.06 part by weight (0.3 equivalent) was added. 
After standing at room temperature (ca. 20°C) for ca . 10 
days the solution was neutralized with acetic acid and 
the acryionitrile was concentrated. The residue was 
dissolved in small quantity of acetone, and crystallized 
3 times from a mixture of water and methanol (1:1). The 
crystals were vacuum dried, to give 0.98 part by /weig-ht 
of the intended product (yield 90.7%) . 

[0017] The infrared absorption (IR) spectrum of 
the resulting highly cyanoethylated puilulan is shown in 
Figure 1. A nitrile group peak can be seen at 2150 cm" 1 , 
but there is no visible absorption in the vicinity of 
3600 cm' 1 due to hydroxyl groups or peaks at 
1600-1650 cm" 1 for amides or carboxylic acid (carbonyl 
groups) due to hydrolysis. 

[0018] 

N% 13.08 (cyanoethylation 100%) 

Residual hydroxyl groups not detected (by 

acetylation) • 
Comparison Example 1 

A mixture of acryionitrile 7.5 parts by weight and 
acetone 7.5 parts by weight was added to a solution 
comprising puilulan (PF-20, Hayashibara Research) 1 part 
by weight and 5% aqueous sodium hydroxide 10 parts by 
weight, and reacted at room temperature (15-20°C) for 24 
hours . After then neutralizing the reaction liquor by 
adding glacial acetic acid 0.75 parts by weight, it was 
poured and stirred into water to bring down the cyano- 
ethylated puilulan. This was dissolved in acetone and 
purified by crystallization in water. This procedure was 
repeated once again, to obtain 15 parts by weight of 
white cyanoethylated puilulan. 
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[0019] 

N% 12.0 '(cyanoethyl substitution 85%) 

Residual hydroxy 1 groups 0.45/mol (by acer ylar ion) 
Comparison Example 2 

The reaction of Comparison Example 1 was repeated, 
with the reaction time being extended to 2 days. As in 
Comparison Example 1 the reaction liquor was neutralized 
and then stirred into water. The precipitate was 
insoluble in acetone, but soluble in a large volume of 
water. The precipitate was washed twice with a small 
quantity of water, and dried to obtain a colorless 
solid. Analysis of the IR absorption spectrum of this 
product showed a carbonyl group peak in the vicinity of 
1680 cm" 3 . It appeared that due to the long reaction time 
the cyano groups had been hydrolysed to produce amide or 
carboxylic acid. This IR absorption spectrum is shown in 
Figure 2 . 

[0020] N% 12.0% 

Thus, cyanoethylation is difficult by reaction in 
aqueous solution, even with a long reaction time, and in 
fact the dielectric constant is lowered because the 
cyanoethyl groups are hydrolysed. 

[0021] The dielectric constants (1 kHz, 25°C) and 
dielectric loss tangents (tan 5) of the cyanoethylated 
pullulans obtained in Embodiment 1 and Comparison 
Example 1 are shown in Table 1. 

[0022] 

[Table 1] 



Table 1 



Cyanoethylated 
pullulan 


Dielectric 
constant (1 kHz) 


tan 5 (%) 


Embodiment 1 


26 


5 


Comparison 1 


20 


4 


[0023] Making 


a disoersion type 


EL 







139.2 g of powdered barium titanate (Fuji Titanium 
BT-100M) was dispersed as a high dielectric inorganic 
material by intensive mixing in 100 g aliquots of 30% 



DMF solutions of the cyanoe t hy 1st ed pullulens of 
Embodiment 1 and Comparison Example 1 to give a unirorm 
slurry constituting a high dielectric paste, which was 
soread onto a sheet of aluminum to form a reflective 
insulating layer of a dry thickness of 30 jam. 

[0024] Meanwhile, 98.4 g of powdered zinc sulfide 
(GTE Products, Sylvania 723) was intensively mixed as a 
fluorescent material with 100 g aliquots of the binder 
solutions above to give a uniform slurry constituting a 
fluorescent paste, which was coated onto the reflective 
insulating layer to form a fluorescent layer of a dry 
thickness of 42 fim. 

[00_25] The laminates made by the series of 

processes above were - cut to a size of 10 cm x 10 cm, 
fitted with lead terminals, and then dried. 

[0026] Meanwhile transparent dielectric film of 
poly (ethylene terephthalate ) with an ITO film formed on 
one surface was also cut to 10 cm x 10 cm, and after 
fitting lead terminals the ITO surface of the 
transparent dielectric film was laminated with the 
fluorescent layer of the aforementioned laminate by 
heating. Nylon film was then laminated to the surface of 
the backing electrode and the surface of the facing 
electrode, and then sealed around the entire 
circumference with poly (trif luorochloroethylene) film. 

[0027] The intensity of light when a 100 V/400 Hz 
AC field was applied between the electrodes of the 
resulting EL elements, and the period of continuous 
illumination at from 20°C, 70% RH until the intensity 
decreased to half (intensity half life) are shown in 
Table 2. 

[0028] 

[Table 2] 





Table 


2 




Cyanoe thy la ted 
pullulan 


Intensity 


(cd/m 2 ) 


Intensity half 
life (hr) 


Embodiment 1 


97 


2500 


Comparison 1 


73 


1600 
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[0029] 

[Benefits of the invention] Because highly cyano- 
ethylated pullulan obtained by the method of the present 
invention has a high dielectric constant, when employed 
as the binder for the fluorescent paste for forming the 
fluorescent layer of an EL element and for the high 
dielectric paste for forming the insulating layer, it 
can confer high intensity on the EL element, and can 
also lengthen the life of the EL element. 
[Simplified explanation of the drawings] 

[Fig-are 1] is the IR absorption spectrum of the 
cyanoethylated pullulan of Embodiment 1, and 

[Figure 2] is the IR absorption spectrum of tha 
cyanoethylated pullulan of Comparison Example 2. 

[Figure 1] 

Figure 1 

u 

TT 

[y-axis] Transmittance (%) 
[x-axis] Wavelength (cm -1 ) 

[Figure 2] 

Figure 2 

u 

TT 

[y-axis] Transmittance (%) 
[x-axis] Wavelength (cm -1 ) 
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